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Postoperative pain is perceived by patients as one of the more intolerable aspects of 
surgical procedures. Today, surgeons and anaesthesiologists recognize the 
importance of postoperative pain; and pain control is considered a mandatory part of 
the comprehensive postoperative experience. The recognition of this importance, led 
the International Association for the Study of Pain (IASP) to declare the 2017 as the 
“Global Year against Pain after Surgery”. Currently, there is ample evidence that 
surgery not only leads to acute pain but also causes chronic pain in a significant 
number of patients. The IASP defines Chronic Postoperative Pain (CPP) as pain that 
develops after surgical intervention and lasts at least three months, with other causes 
of pain excluded. Data on CPP incidence vary significantly, depending on the 
definitions used and types of surgeries performed. Lately, there was an increasing 
recognition that CPP is difficult to treat and prevention is desirable, namely with the 
identification of its predictive factors. CPP can have devastating consequences, not 
only in terms of suffering and reduced health-related quality of life (HRQL) for the 
individual patient but also with regard to the subsequent costs to the health care and 
social support systems. Therefore, due to its relevance, CPP has become a health 
priority and a hot topic in pain investigation.  
Cardiac surgery (CS), such as coronary artery bypass grafting (CABG) and heart valve 
replacement, ranks among the most frequently performed interventions worldwide. 
Several studies describe CPP as an important complication of CS. However, the 
precise magnitude of the incidence of CPP after CS (CPPCS) was still under debate, 
limiting the perception of the true dimension of this problem. Although some studies 
have focused on CPPCS, several gaps were present in the literature. Therefore, firm 
evidence about the epidemiology of CPPCS and its clinical properties were still lacking.  





The research work that constitutes this PhD thesis had two general aims: to study the 
epidemiology of CPPCS, namely, its incidence and the existence of predictive factors; 
and to study CPPCS’ clinical properties, namely, pain intensity, pain interference and 
patients’ HRQL, temporal evaluation, location and the presence of Neuropathic Pain 
(NP). With the view to achieve these general aims, we have proposed to conduct two 
studies: an observational prospective study in patients submitted to CS, in one of the 
reference centres of CS in Portugal, to evaluate the incidence of CPP and its clinical 
properties (Paper A); and a systematic review of the literature about CPPCS’ 
incidence, intensity, location and the presence of NP (Paper B). 
 
Methods 
Firstly, we have conceived, designed, and completed an observational prospective 
study in patients undergoing CS. We have calculated the CPPCS’ incidence in one of 
the reference centres of CS in Portugal, and investigated its predictive factors, using a 
multivariate logistic regression analysis. Furthermore, we have characterized CPPCS 
in terms of pain intensity, pain interference and patient’s HRQL, pain temporal 
evaluation, pain descriptors and presence of NP, applying validated instruments. 
Secondly, we have designed and materialized a systematic review of the literature 
about CPPCS’ incidence, intensity, location and the presence of NP. The review 
comprised three phases: a methodological assessment of 6 different databases to 
identify potential papers and screening according to inclusion criteria by two 
independent reviewers; data extraction; and study’s quality assessment. Additionally, 
we have performed a set of meta-analyses to provide estimates regarding incidence 
and intensity of CPPCS.  
 
 






The results of this thesis are based in the findings of two published studies: an 
observational prospective study (Paper A), which included 310 patients who undergone 
CS (93% patients completed the study); and a systematic review with meta-analysis 
(Paper B), which identified 442 potentially relevant studies through database searching 
and included 23 studies, involving 11,057 patients. 
CPP is a frequent outcome after CS, according to both studies performed. CPPCS’ 
incidence in one of the reference centres of CS in Portugal was 43% (95% CI: 37–
49%) at 3 months and 40% (95% CI: 34–46%) at 6 months (Paper A). The pooled 
estimated incidence of CPP obtained in our meta-analysis was 37% (95%CI: 32–42%) 
in the first 6 months after CS and 17% (95%CI: 8–25%) more than two years after CS 
(Paper B). More recent studies report a higher incidence of CPP during the first 6 
months after CS, compared to older studies (Paper B). The proportion of patients with 
CPPCS under any treatment is lacking in the literature (Paper B), but seems to be very 
low, as shown in our observational study, where only 16% of the patients with CPP 
were being treated (Paper A). 
Concerning predictive factors, we have identified several independent predictors of 
CPPCS (Paper A): younger age, female gender, higher body mass index, history of 
osteoarthritis, history of previous surgery (excluding sternotomy), catastrophizing, 
CABG and more intense acute postoperative pain. Additionally, we have identified two 
strong independent predictors of CPPCS (Paper A): age lower than 69 years (Odd 
Ratio: 10.45) and moderate to severe classification in worst pain item of Brief Pain 
Inventory - Short Form (BPI-SF), at the third postoperative day (Odd Ratio: 15.07). 
Moreover, preoperative angina pectoris was a predictor for NP in patients with CPP 
(Paper A). 
Pain intensity was addressed by both studies. In our observational study (Paper A), 
57.3% of patients with CPPCS rated their average pain as mild and 42.7% as 




moderate. Regarding BPI-SF worst pain item, 17.7% rated it as mild, 54.9% as 
moderate and 27.4% as severe. In the performed systematic review (Paper B), large 
heterogeneity was found concerning recording and reporting CPP intensity’s 
assessment. The results obtained in our meta-analysis (Paper B), revealed that a large 
proportion of patients with CPPCS present moderate to severe pain (regarding their 
average pain: 40 to 50%; regarding their worst pain: 49 to 53%; variation according the 
time frame), that did not reduce over time. 
Patients’ HRQL and pain interference was investigated in the observational study 
(Paper A). Globally, patients who underwent CS, presented an improvement in their 
HRQL 3 months after CS, however, patients with CPPCS presented lower HRQL 
compared with those without CPPCS. CPPCS caused substantial interference in 
patients’ daily life, and the most affected activities were: “sleep”, “general activity” and 
“normal work”.  
According to our both studies, chest is the main location of CPPCS, followed by the leg 
(Paper A and B). Additionally, in most patients with CPPCS, pain was not permanently 
present and it had paroxysms (Paper A).  
The presence of NP in patients with CPPCS was addressed by both studies. NP was 
detected in 50% of these patients, using a validated questionnaire (Paper A). Patients 
with CPPCS who reported moderate to severe pain presented NP more often (Paper 
A), and CPPCS located in the leg was more often identified as NP than CPPCS located 
in the chest (Paper A). According to our systematic review, NP seems to be present in 
the majority of patients with CPPCS; however, only 5 of the included studies addressed 











This thesis provides the most complete assessment and discussion of the current best 
evidence regarding the epidemiology and clinical properties in the context of CPPCS. 
Therefore, the aims of this thesis were accomplished with success.  
Our research indicates that more than one third of the patients develop CPP in the first 
6 months after CS, and approximately half of those patients present moderate to 
severe pain. Additionally, CPPCS causes substantial interference in patient’s life and 
lower HRQL. Given the foregoing and associating the fact that CS is one of the most 
frequently performed interventions worldwide, CPPCS should be considered a relevant 
health problem and deserves special attention from health care professionals and 
health authorities. Our research identified a set of predictive factors that should be 
taken into account, in order to prevent its establishment, and highlighted the scarcity of 
treatment in patients with CPPCS.  
There is room for improvement not only in terms of prevention and treatment, but also 
regarding the assessment of CPPCS in clinical practice and in future studies. CPPCS 
should not be neglected and this thesis is expected to provide an important scientific 
impetus that will foster and support improvements in prevention, diagnosis, follow-up 



















A dor pós-operatória é compreendida pelos pacientes como um dos aspetos mais 
intoleráveis dos procedimentos cirúrgicos. Atualmente, os cirurgiões e os 
anestesiologistas reconhecem a importância da dor pós-operatória; e o controlo da dor 
é considerado um componente obrigatório na abordagem pós-operatória. O 
reconhecimento desta importância levou a International Association for the Study of 
Pain (IASP) a declarar o ano de 2017 como “O ano da luta contra a dor pós-
operatória”. Atualmente, existe ampla evidência a demonstrar que a cirurgia 
desencadeia não apenas dor aguda, mas também dor crónica num significativo 
número de doentes. A IASP define dor crónica pós-operatória (DCPO) como uma dor 
que se desenvolve após uma cirurgia e com uma duração de pelo menos 3 meses, 
após exclusão de outras causas de dor. Os dados sobre a incidência de DCPO variam 
bastante, dependendo da definição utilizada e do tipo de cirurgia realizado. Ao longo 
dos últimos anos, houve um reconhecimento crescente sobre a dificuldade de 
tratamento da DCPO e a necessidade de a prevenir, nomeadamente através da 
identificação de fatores preditivos. A DCPO pode ter consequências devastadoras, não 
só para o individuo, em termos de sofrimento e redução da qualidade de vida 
relacionada com a saúde (QVRS), mas também para a sociedade, devido aos custos 
associados aos sistemas de saúde e de apoio social. Sendo assim, devido à sua 
relevância, a DCPO tornou-se uma prioridade na saúde e um tópico atual na 
investigação em dor. 
A cirurgia cardíaca (CC), nomeadamente a cirurgia de revascularização coronária 
(CRC) e de substituição valvular, é considerada uma das cirurgias mais 
frequentemente realizadas em todo o mundo. Vários estudos descrevem a DCPO 
como uma importante complicação após cirurgia cardíaca. No entanto, o valor preciso 




da incidência de DCPO após CC (DCPOCC) ainda estava por determinar, limitando a 
perceção da dimensão deste problema. Apesar de existirem estudos sobre a 
DCPOCC, várias lacunas estavam presentes na literatura. Sendo assim, havia 




O projeto de investigação que constitui esta tese de doutoramento teve dois objetivos 
gerais: estudar a epidemiologia da DCPOCC, nomeadamente, a sua incidência e a 
existência de fatores preditivos; e estudar as propriedades clínicas da DCPOCC, 
nomeadamente, intensidade da dor, interferência causada pela dor e QVRS nos 
pacientes, avaliação temporal, localização, e presença de dor neuropática (DN). De 
modo a alcançar estes objetivos gerais, propusemos a elaboração de dois estudos: um 
estudo observacional prospetivo em pacientes submetidos a CC, num dos centros de 
referência de CC em Portugal, para avaliar a incidência e as propriedades clínicas da 
DCPOCC (Artigo A); e uma revisão sistemática sobre a incidência, intensidade de dor, 
localização, e presença de DN na DCPOCC (Artigo B). 
 
Métodos 
Em primeiro lugar, projetámos e completámos um estudo observacional prospetivo em 
pacientes submetidos a CC. Neste estudo, calculámos a incidência de DCPOCC num 
dos centros de referência de CC em Portugal, e investigámos os seus fatores 
preditivos, usando uma análise de regressão logística multivariada. Para além disso, 
caracterizámos a DCPOCC em termos de intensidade, interferência e QVRS nos 
pacientes, avaliação temporal, descritores de dor e presença de DN, aplicando 
instrumentos validados. Em segundo lugar, projetámos e concretizámos uma revisão 
sistemática da literatura sobre a incidência, intensidade, localização e presença de DN 





na DCPOCC. A revisão compreendeu três fases: uma pesquisa metódica de 6 bases 
de dados, para identificar potenciais artigos com relevância, e seleção destes de 
acordo com os critérios de inclusão, por dois revisores independentes; extração de 
dados; e avaliação da qualidade dos estudos. Além disso, realizámos um conjunto de 
meta-análises para fornecer estimativas sobre incidência e intensidade da DCPOCC. 
 
Resultados  
Os resultados desta tese baseiam-se nos resultados de 2 estudos publicados: um 
estudo observacional prospetivo (Artigo A), que incluiu 310 pacientes submetidos a CC 
(93% completaram o estudo); e uma revisão sistemática com meta-análise (Artigo B), 
que identificou 442 estudos potencialmente relevantes na pesquisa da base de dados, 
e incluiu 23 estudos referentes a 11.057 pacientes. 
Com base nos estudos realizados, a DCPO é frequente após CC. A incidência de 
DCPOCC, num dos centros de referência de CC em Portugal, foi de 43% (95% CI: 37–
49%) aos 3 meses e 40% (95% CI: 34–46%) aos 6 meses. (Artigo A). A incidência 
estimada de DCPO obtida na nossa meta-análise foi de 37% (95%CI: 32–42%), nos 
primeiros 6 meses após CC, e 17% (95%CI: 8–25%), após mais de dois anos da 
realização de CC (Artigo B). Estudos mais recentes apresentaram uma maior 
incidência de DCPO nos primeiros 6 meses após CC, em relação a estudos mais 
antigos (Artigo B). A literatura é escassa, em relação à proporção de pacientes com 
DCPOCC sob tratamento (Artigo B), mas esta parece ser muito baixa, como 
demonstrado no nosso estudo observacional, onde apenas 16% dos pacientes com 
DCPOCC estavam sob tratamento (Artigo A). 
Relativamente aos fatores preditivos, identificámos vários preditores independentes de 
DCPOCC (Artigo A): idade mais jovem, sexo feminino, índice de massa corporal 
superior, história de osteoartrite, história de cirurgia prévia (excluindo esternotomia), 
catastrofização, CRC e dor aguda pós-operatória mais intensa. Além disso, 




identificámos dois fortes preditores independentes de DCPOCC (Artigo A): idade 
inferior a 69 anos (Odd ratio: 10,45) e classificação moderada a severa no item “pior 
dor” do questionário Brief Pain Inventory - Short Form (BPI-SF), no terceiro dia pós-
operatório (Odd ratio: 15.07). Além disso, a presença de angina de peito antes da CC 
foi um preditor de presença de DN em pacientes com DCPO (Artigo A). 
A intensidade da DCPOCC foi abordada em ambos os estudos. No nosso estudo 
observacional (Artigo A), 57,3% dos pacientes com DCPOCC classificaram a sua “dor 
em média” como ligeira e 42,7% como moderada. Em relação ao item “pior dor” do 
BPI-SF, 17,7% classificou-a como ligeira, 54,9% como moderada e 27,4% como 
severa. Na revisão sistemática realizada (Artigo B), registou-se grande 
heterogeneidade em relação à recolha e registo da avaliação da intensidade da 
DCPOCC. Os resultados obtidos na nossa meta-análise (Artigo B) revelaram que uma 
grande proporção de pacientes com DCPOCC apresenta dor moderada a grave 
(relativamente à “dor em média”: 40 a 50%; relativamente à sua “pior dor”: 49 a 53%; 
variação de acordo com o período de tempo analisado), que não se reduziu ao longo 
do tempo. 
A QVRS dos pacientes e a interferência causada pela dor foram investigadas no 
estudo observacional (Artigo A). Globalmente, os pacientes submetidos a CC 
apresentaram melhoria na sua QVRS, 3 meses após CC; no entanto, os pacientes 
com DCPOCC apresentaram pior QVRS, em relação aos pacientes sem DCPOCC. A 
DCPOCC provocou interferência considerável na vida diária dos pacientes, e as 
atividades mais afetadas foram: o "sono", a "atividade geral" e o "trabalho normal". 
De acordo com os nossos dois estudos, o peito é o principal local da DCPOCC, 
seguido pela perna (Artigo A e B). Além disso, na maioria dos pacientes com 
DCPOCC, a dor não esteve permanentemente presente e ocorreram episódios de 
agudização da dor (Artigo A). 
A presença de DN nos pacientes com DCPOCC foi abordada em ambos os estudos. 
Detetou-se DN em 50% destes pacientes, usando um questionário validado (Artigo A). 





Os pacientes com DCPOCC moderada a severa apresentaram DN com maior 
frequência (Artigo A), e a DCPOCC localizada na perna foi mais frequentemente 
identificada como DN, comparativamente à DCPOCC localizada no peito (Artigo A). De 
acordo com a nossa revisão sistemática, a DN parece estar presente na maioria dos 
pacientes com DCPOCC; no entanto, apenas 5 dos estudos incluídos abordaram esta 




Esta tese apresenta a mais completa avaliação e discussão da melhor evidência atual 
sobre a epidemiologia e as propriedades clínicas no âmbito da DCPOCC. Portanto, os 
objetivos desta tese foram alcançados com sucesso. 
A nossa investigação indica que mais de um terço dos pacientes desenvolvem DCPO 
nos primeiros 6 meses após CC, e aproximadamente metade desses pacientes 
apresentam dor moderada a grave. Além disso, a DCPOCC provoca interferência 
considerável na vida do paciente e menor QVRS. Por tudo isto, e associando o facto 
de que a CC é uma das intervenções mais frequentemente realizadas em todo o 
mundo, a DCPOCC deve ser considerada um problema de saúde importante, que 
merece especial atenção dos profissionais e autoridades de saúde. A nossa 
investigação identificou um conjunto de fatores preditivos que devem ser considerados 
no âmbito da prevenção, e destacou a carência de tratamento nos pacientes com 
DCPOCC. 
É possível introduzir melhorias, não só em termos de prevenção e tratamento, mas 
também em relação à avaliação da DCPOCC na prática clínica e em estudos futuros. 
A DCPOCC não deve ser negligenciada, e esta tese pretende ser um importante 
contributo científico na promoção de melhorias na sua prevenção, diagnóstico, 
seguimento e tratamento. 










1.1. Pain as a universal experience 
 
Pain is a universal experience from birth until the end of life. Generally, it is mild and 
inconsequential, as is the case when we feel a tingling in the legs after keeping them in 
the same position too long or when we accidentally hit our fingers against the edge of 
the table. Nevertheless, all too often, pain is intolerable and requires treatment, or else 
it persists beyond the healing of the injury and becomes chronic, reducing activities and 
sometimes making life unbearable. Therefore, pain may have an essential role in 
survival and a negative impact in one’s life, concurrently. The effects of pain should 
never be underestimated and its relief is essential to protect the integrity of the 
organism, which contradicts the popular saying “It hurts, but it won’t kill you” [83].  
According to the International Association for the Study of Pain (IASP), pain is defined  
as “an unpleasant sensory and emotional experience associated with actual or 
potential tissue damage, or described in terms of such damage” [61; 95]. More 
recently,  there was a proposal to update this definition to “a distressing experience 
associated with actual or potential tissue damage with sensory, emotional, cognitive, 
and social components” [141]. However, this proposal has led to substantial criticism 









1.2. Temporal aspect as a key variable  
 
Pain will be considered physiological following an injury, but it will become pathological 
if it persists beyond a certain period of time [19]. Temporal aspect is a key variable in 
understanding and treating pain [94]. This characteristic could help us to distinguish 
acute pain from chronic pain, which is essential. However, this distinction should not be 
based solely on a temporal criterion [62; 92].  
Acute pain is generally identified as pain that lasts for no more than 30 days [19; 62; 
92]. It  is essential to our survival and enables us to recognize that there is a problem 
[19]. Therefore, it acts as an alarm and is directly linked to pathological conditions, 
following its progression [19; 59]. Furthermore, it plays a protective role that allows us 
to live in an environment fraught with potential dangers. Acute pain usually signals 
impending or actual tissue damage and thus allows the individual to avoid further 
injury. It may also prevent harmful movement, for example, in the case of a fracture. 
Reduced mobility associated with acute pain may consequently aid healing [94]. 
Therefore, without a doubt, pain is necessary for our survival and we cannot live very 
long without this essential information. However, the organism benefits only briefly from 
this effect and its prolongation results in adverse outcomes. Pain also initiates complex 
neurohumoral responses that help initially to maintain homeostasis in the face of an 
acute disease or injury; if these changes are excessive or unduly prolonged, they may 
cause morbidity or mortality [94]. Psychological responses to acute pain may initially be 
helpful in coping with the physical insult; however, if excessively severe or prolonged, 
they may become deleterious [94]. 
Chronic pain, on the other hand, does not have a protective role and may persist even 
after the triggering event is resolved [19; 59; 92]. It has gradually emerged as a distinct 
phenomenon in comparison with acute pain [93]. Chronic pain does not seem to have 
any purpose or use for the individual, and moreover, it leads us to consider pain as 
pathological and to try to alleviate it, even when its organic components are unknown 





[92; 94]. Chronic pain has been recognized as pain which persists past the normal time 
of healing [18]. In practice this may be less than one month, or more often, more than 
six months. With non-malignant pain, three months is the most convenient point of 
division between acute and chronic pain [62]. Those who treat cancer pain find that 
three months is sometimes too long to wait before regarding a pain as chronic. The 
definition related to the time of normal healing is not sufficient, nor is it honoured 
consistently. Pain that persists for a given length of time would be a simpler concept. 
This length of time should be determined by common medical experience, and reflects 
the time needed for inflammation to subside or for acute injuries, such as lacerations or 
incisions, to repair with the union of separated tissues [62]. A longer period is required 
if we wait for peripheral nerves to grow back after trauma. In these circumstances, 
chronic pain is recognized when the process of repair is apparently completed [62].  
The current version of the International Classification of Diseases (ICD-10) of the World 
Health Organization (WHO) includes some diagnostic codes for chronic pain 
conditions, but these diagnoses do not reflect the actual epidemiology of chronic pain, 
nor are they categorized in a systematic manner [125]. Recently and responding to 
these shortcomings, the IASP contacted the WHO and established a Task Force for 
the classification of chronic pain. Thus, IASP Task Force has developed a new and 
pragmatic classification of chronic pain for the upcoming 11th revision of the ICD. The 
goal was to create a classification system that is applicable in primary care and in 
clinical settings for specialized pain management [125]. The new ICD category for 
“Chronic Pain” comprises the most common clinically relevant disorders and they were 
divided into 7 groups: chronic primary pain, chronic cancer pain, chronic posttraumatic 
and postsurgical pain, chronic neuropathic pain, chronic headache and orofacial pain, 
chronic visceral pain, and chronic musculoskeletal pain. Additionally, they defined 
chronic pain as persistent or recurrent pain lasting longer than 3 months [125]. This 
definition according to pain duration has the advantage that it is clear and easily 




operationalized [125]. Optional specifiers for each diagnosis record evidence of 
psychosocial factors and the severity of the pain. Pain severity can be graded based on 






























1.3. Chronic pain as a disease in its own right  
 
Chronic pain is a disease in its own right and a very relevant public health problem, as 
proposed by the European Federation of IASP Chapters (EFIC) [42]. Classically, a 
public health problem has to be viewed from a population perspective and 
consequently will have a measurable and relevant impact on the population [32]. This 
implies to be frequent and to have important consequences for the individuals and 
populations.  
Recently, a review showed huge inconsistency in the definition of chronic pain in the 
epidemiological literature, making comparison of prevalence estimates across existing 
studies of questionable value [118]. The inconsistency in operational definitions may 
weaken the recognition of chronic pain as an important health issue. Researchers and 
clinicians should be aware of the probability that interview survey method of collecting 
data may give lower chronic pain reporting than questionnaire survey method and that 
this effect may be stronger in men than women  [118]. 
Nevertheless, existing estimates indicate a prevalence of chronic pain in developed 
countries of 37% [126]; however the evidence shows high heterogeneity with 
systematic reviews finding prevalence between 2% and 64% [99; 112; 118; 135]. 
Chronic pain of moderate to severe intensity occurs in 19% of adult Europeans, 
seriously affecting the quality of their social and working lives [21]. It can lead to 
reduced mobility and a consequent loss of strength, compromise the immune system 
and interfere with a person’s ability to eat, concentrate, sleep, or interact with others 
[22]. People who live with chronic pain are four times more likely to suffer from 
depression or anxiety [56; 108]. The physical and psychological effects of chronic pain 
influence the course of disease [84]. Pain can manifest its harmful effects in several 
ways. It is known that people who are in pain lose sleep and have reduced appetite. 
They are then deprived of energy input and restorative functions necessary for healing 




or even supporting life [32; 92]. In addition, the direct effect of pain on quality of life can 
easily be observed: intense suffering reduces the desire to live and sometimes can 
lead to suicide [93]. Pain can accelerate the growth of tumours by inhibiting the 
immune system [13; 77; 80]. Thus, controlling pain is of vital importance to patients 
with cancer [124].  
In 2004, it was recognized that failure to treat pain appropriately should be considered 
substandard medicine with adverse outcomes, being unethical, and susceptible to both 
legal and professional action [30]. Chronic pain should receive great attention as a 
global health priority because adequate pain treatment is a human right, and it is the 
duty of any health care system to provide it [52]. Failure to take reasonable steps to 
ensure that people who suffer pain have access to adequate pain treatment may result 
in the violation of the obligation to protect against cruel, inhuman and degrading 
treatment [84]. The Declaration of Montreal was an important step in addressing 
inadequate pain management worldwide [31]. Regarding its awareness as a public 
health problem, in 2013, the Portuguese Directorate-general of Health published a 
strategic plan for prevention and control of pain [109]. One of its guiding principles is 
the duty of pain control, and it states that all health professionals should adopt 
strategies for prevention and control of pain in their patients. Beyond that, it is 
mentioned that particular attention should be given to the prevention and management 













1.4. Chronic Postoperative Pain 
 
Postoperative pain is perceived by patients as one of the more intolerable aspects of 
surgical procedures. Acute postoperative pain is a complex physiological reaction to 
tissue injury, visceral distention, or disease. It is a manifestation of autonomic, 
psychological, and behavioural responses that result in patient-specific unpleasant, 
unwanted sensory and emotional experiences [92]. Studies show that effective control 
of acute postoperative pain decreases rates of morbidity and mortality [57; 83].  Today, 
surgeons and anaesthesiologists recognize the importance of postoperative pain; and 
pain control is considered a mandatory part of the comprehensive postoperative 
experience [92]. The recognition of this importance, led the IASP to declare the 2017 
as the “Global Year against Pain after Surgery”. The main purposes according to IASP 
are: to disseminate information worldwide about pain after surgery; to educate pain 
researchers as well as health-care professionals who see the issues associated with 
such pain first-hand in their interactions with patients; to increase awareness of 
postoperative pain among public officials, members of the media, and the general 
public; and to encourage government leaders, health-care organizations, and others to 
support policies that result in improved management of pain after surgery [63]. 
In 1998, Crombie et al. identified injury and surgery as major risks for chronic pain [33].  
They reported that around 40% of 5130 chronic pain patients in 10 pain clinics in the 
United Kingdom had developed their chronic pain problem after surgery or trauma [33]. 
This finding has led to a dramatic increase in interest in this subject, and consequently, 
Chronic Postoperative Pain (CPP) has transitioned from a silent epidemic to a more 
broadly recognized and widespread problem that urgently requires attention [73].  
Currently, there is ample evidence that surgery not only leads to acute pain but also 
causes chronic pain in a significant number of patients [45; 69; 82; 100; 114]. The 
problem is not limited to major surgery; even common minor surgical procedures such 




as hernia repair and skin excisions carry significant risk of chronic pain [106; 116]. 
Some consider it the most common and serious long-term problem after repair of an 
inguinal hernia [66]. These CPP syndromes are commonly observed all over the world, 
following all types of surgery, and they can have devastating consequences, not only in 
terms of suffering and reduced health-related quality of life (HRQL) for the individual 
patient but also with regard to the subsequent costs to the health care and social 
support systems [16; 73; 111].  
It is crucially important to develop consistent definitions of terms such as CPP, and the 
IASP defines CPP as pain that develops after surgical intervention and lasts at least 
three months, with other causes of pain excluded [73].  Before making a diagnosis of 
CPP, it is critical that other common causes of pain from surgery be ruled out. The lack 
of use of a unanimous definition of CPP makes comparisons of different studies and 
incidence estimations difficult [24]. There is substantial variability in the postoperative 
time frame for CPP studies, generally from 2 to 6 months [73], though some have used 
even shorter time frames [116]. In general, the 3-month time frame allows for the 
patient, surgical care team, and postoperative health care providers to undertake a 
variety of clinical tests to rule out other pathological causes for the pain at the surgical 
site [73]. 
It is alarming that CPP has assumed an epidemic proportion and deserves greater 
attention as the number of procedures being performed annually increases in the world 
[24]. A cross-sectional survey performed in 13000 northern Norwegians reported that 
25% of the individuals had undergone one or more surgical procedures during the 
three preceding years [69]. CPP was reported by 40.4% of these patients and 
moderate to severe CPP was reported by 18.3% [69]. In Portugal, a cross-sectional 
nationwide epidemiological study, aiming to describe the prevalence and impact of 
chronic pain, detected that 6% of patients with chronic pain attributed its aetiology to 
surgery [10]. Data on CPP incidence vary significantly (between 5 and 50%), 
depending on the definitions applied and types of surgeries performed [75]. Recently, a 





multicentre, prospective, observational study, conducted in patients undergoing 
different kinds of surgery from 21 hospitals in 11 European countries, identified an 
incidence of moderate to severe CPP of 11.8% at 12 months after surgery [45].  
CPP may be somatic, visceral or neuropathic [58]; which seems to be linked to its 
underlying mechanisms, namely, surgical injury to the nerves, central sensitization, 
ongoing inflammatory processes, injury to the somatic or visceral structures, or other 
causes [39; 58]. The likelihood of iatrogenic nerve injury and subsequent Neuropathic 
Pain (NP) varies among surgical procedures. The prevalence of NP or pain with a 
neuropathic component was reported to be higher in patients with CPP after thoracic 
(including sternotomy) and breast surgeries (approximately 67%) [58]. Thus, 
neuropathic or nociceptive elements of CPP should be assessed in a clinical setting, in 
order to understand the underlying mechanisms and provide important implications for 
the prevention and treatment of this type of chronic pain. 
Additionally, CPP offers a unique opportunity to study factors that are related to the 
transition of acute to chronic pain [70]. CPP patients can be assessed before, during, 
and after the surgical injury [73]. Therefore, CPP is an area that might enable us to 
better understand the development of chronic pain in general, as it provides an ideal 
setting for the study of risk and protective factors in a very controlled environment [72]. 
Factors involved in the pathogenic mechanisms of CPP are multiple and can be 
grouped into preoperative, intraoperative, and postoperative factors [104]. Preoperative 
pain, female gender, younger age, preoperative anxiety and pain catastrophizing are 
well-stablished preoperative factors [75; 101]. The exact role of genetic mechanisms 
remains to be established. Additionally, the preoperative function of the nociceptive 
system may be important and where several studies have shown a variable predictive 
value of different preoperative nociceptive tests [1; 85; 102; 138]. Intraoperatively, type 
of surgery and its technique are the most important recognized risk factors in CPP, and 
it is likely that intraoperative nerve injury plays a role in many of the surgeries 




associated with the development of CPP [75; 101]. Regarding the postoperative period, 
the intensity of acute postoperative pain is the most relevant well-known postoperative 
factor [75; 82; 86; 101].  
There is increasing recognition that CPP is difficult to treat, given the substantial 
percentages (over 20% in many studies) of patients who are long-term attendees at 
pain clinics having treatment-refractory postoperative pain syndromes, which are 
associated with enormous costs to the health care systems of many countries [106]. 
Consequently, prevention is desirable and a potential strategy to address it is to identify 
factors that may predict an increased likelihood to develop CPP. If we could do this, we 
may be able to target specific interventions to the most vulnerable patients or use the 
information when considering the need for surgery, its extent, or both [101]. Recently, a 
prospective multicentre cohort study enrolling patients scheduled for inguinal hernia 
repair, hysterectomy and thoracotomy, concluded that clinical factors (type of surgery, 
age, physical and mental health, and preoperative pain) predict approximately 70% of 
CPP risk [98]. Additionally, preoperative use of opioids and severe postoperative pain 
were also associated with the CPP [45; 134]. 
To this regard, a prospective risk-factor analysis identified five key predictive factors: 
emotional overload/overstrain, preoperative pain at the operative site, other chronic 
preoperative pain, acute postoperative pain, and comorbid stress symptoms such as 
tremulousness, anxiety, or disturbed sleep [4]. However, like many clinical risk-
predictive instruments, these above findings lack perfect specificity or sensitivity and so 
are best viewed as broad guides rather than precise formulas. To date, a search for 
genetic risk factors has produced negative results [98]. 
Therefore, due to its relevance, CPP has become a health priority and is scheduled to 
be included in the upcoming version of the International Classification of Diseases, 
ICD-11 [125]. Searches in electronic databases for key words about CPP reveal 
hundreds of publications and this condition has been described by several terms.  
Recently, there has been an appeal to design better clinical studies about CPP, which 





should ideally take a prospective and procedure-specific approach [76]. In addition, 
future CPP studies should define in detail the location, characteristics, and 



























1.5. Motivation for the thesis “Chronic Postoperative Pain after 
Cardiac Surgery” 
 
As previously stated, CPP is an important health problem and a current investigation 
topic in the field of pain. However, pain is by definition a subjectively felt experience, 
and, as such, poses a challenge to epidemiological science to measure objectively the 
occurrence of events in populations [32]. Good epidemiological research on chronic 
pain provides important information on occurrence and factors associated with its onset 
and persistence [132]. Therefore, it is essential to perform good epidemiological 
research on CPP, and more specifically, on CPP after a specific procedure. 
Concurrently, throughout my brief medical career as anaesthesiologist I have followed 
the perioperative course of several patients through different surgical procedures. 
Moreover, I have witnessed that postoperative pain and its need for analgesic 
treatment vary tremendously between procedures, and also between patients. This 
experience led me to an increased concern for this topic. As I could expect, pain after 
surgery is a common and not an unexpected symptom. However, although many 
treatments options are available and established guidelines and evidence-based 
recommendations exist, postoperative pain is considered to remain predominantly 
undertreated [7; 14; 140]. The study of postoperative pain guided me to an increasing 
awareness about its potential for chronification. Gradually, I realized that there was 
ample evidence that surgery leads to chronic pain in a significant number of patients. 
Throughout my anaesthesiologist formation, I have contacted with chronic pain patients 
in our Chronic Pain Unit. There, I have witnessed the suffering and the complaints of 
patients with CPP. Many of these patients arrived at Chronic Pain Unit after several 
months of incomprehension, affliction, torment and hardship. 
Therefore, I decided to study CPP more deeply and actively bring more knowledge to 
this field. As I deepened my study, I became aware of the appeal to design better 
clinical studies about CPP, which should ideally take a prospective and procedure-





specific approach [76], and specify the location, characteristics, and consequences of 
CPP on physical and social function [35] 
Cardiac surgery (CS), such as coronary artery bypass grafting (CABG) and heart valve 
replacement (HVR), ranks among the most frequently performed interventions 
worldwide [107]. In the 23 European Union Member States, there were near 181,000 
CABG operations in 2015 [44]; and in Portugal, approximately 6,000 CS are performed 
per year [110]. In 1989, Defalque and Bromley described for the first time a pain 
syndrome called poststernotomy neuralgia [36]. Since then, several studies were 
conducted and CPP has been described as an important complication of CS [27; 50; 
91]. However, the precise magnitude of the incidence of CPP after CS (CPPCS) was 
still under debate, and this limited the perception of the true dimension of the problem.  
Patients experiencing CPPCS report a significantly lower physical and mental health 
status compared with patients without it [23; 49; 120]. Although some studies have 
focused on CPPCS, several gaps were present in the literature. In a recent review, it 
was stated that risk factors for CPPCS were not well established [50]. Studies have 
found patient-related factors such as younger age, increased body mass index (BMI) 
and female gender to predict CPPCS, however the evidence related to the role of 
psychological and surgery-related factors was inconclusive [50]. Additionally, previous 
reviews of CPPCS have combined narrative review with expert opinion, with potential 
risk of bias [27; 50; 91].  
Therefore, firm evidence about the incidence of CPPCS and its properties were still 
lacking. Consequently, I have proposed to study this topic in order to achieve a 
complete assessment and discussion of the current best evidence regarding CPPCS. 
This may allow appropriate resource allocation and research planning, and could better 
inform patient decisions about treatment. 
To achieve this goal I had to equip myself with tools to perform relevant clinical 
research and the PhD program in Clinical and Health Services Research was essential 




for this achievement. This PhD program is a unique program in Portugal and it was 
created with the intention to respond to the needs and demands increasingly felt and 
expressed by healthcare professionals, regarding high quality educational offer and 
research training opportunities in clinical research and in health services research. The 
PhD program in Clinical and Health Services Research allow me: to promote and 
develop the ability to conceive, design, adapt and perform relevant and original clinical 
research, in accordance with the requirements imposed by the higher standards of 
academic quality and integrity; to foment and evolve the competence to critically 
appraise, evaluate and synthesize new and complex ideas and research work; and to 
stimulate the skill to effectively communicate with peers, with the academic community 























The research work that constitutes this PhD thesis had two general aims: 
 
 To study the epidemiology of CPPCS, namely, its incidence and the existence 
of predictive factors; 
 
 To study CPPCS’ clinical properties, namely, pain intensity, pain interference 
and patients’ HRQL, temporal evaluation, location and the presence of NP. 
 
 
With the view to achieve these general aims, we have proposed to conduct two 
studies: 
 
1. An observational prospective study in patients submitted to CS, in one of the 
reference centres of CS in Portugal, to evaluate the incidence of CPPCS and its 
clinical properties (Paper A).  
 
2. A systematic review of the literature about CPPCS’ incidence, intensity, location 
and the presence of NP (Paper B). 
 
 
The specific aims of the observational prospective study conducted in patients 
submitted to CS (Paper A) were: 
 to evaluate CPPCS’ incidence  
 to identify CPPCS’ predictive factors  




 to comprehensively identify CPPCS’ clinical properties, namely, pain intensity, 
pain interference and patients’ HRQL, pain temporal evaluation, pain 
descriptors and NP presence, using adequately validated instruments; 
 
 
Additionally, the specific aims of the systematic review of the literature about CPPCS’ 
incidence, intensity, location and the presence of NP (Paper B) were: 
 to conduct a rigorous systematic search through the literature about CPPCS’ 
incidence, intensity, location and the presence of NP; 
 to identify, appraise, select and synthesize all high-quality research evidence 
relevant  to CPPCS’ incidence, intensity, location and the presence of NP; 
 to perform a quality assessment for each selected study based on defined 
criteria; 
 to provide, whenever possible, pooled estimates about CPPCS’ incidence, 
CPPCS’ intensity and presence of NP in patients with CPPCS; 




Consequently, our general aim was to contribute to improved knowledge of CPPCS, 














3.1. Paper A - Persistent Postoperative Pain after Cardiac Surgery: Incidence, 




3.2. Paper B - Persistent postoperative pain after cardiac surgery: a systematic 










































































































Paper A  
Supporting Information 
 
Table S1 - Duke Health Profile preoperatively and three months after cardiac surgery (N 
total = 288) 
Duke Health Profile
 1
 Preoperative 3 Months after p * 
    M [P25-P75] M [P25-P75]   
     
 
Physical Health Score 40 [20-50] 90 [70-90] < 0.001 
 
Mental Health Score 60 [60-80] 90 [90-100] < 0.001 
 
Social Health Score 100 [80-100] 100 [100-100] < 0.001 
 
General Health Score 66.7 [60-73] 93.3 [86.7-96.7] < 0.001 
 
Perceived Health Score 35 [25-40] 50 [45-70] < 0.001 
 
Self-Esteem Score 100 [80-100] 100 [90-100] < 0.001 
 
Anxiety Score 42 [25-50] 8.3 [0-12.5] < 0.001 
 
Depression Score 40 [30-50] 10 [0-20] < 0.001 
 
Anxiety-Depression Score 42.9 [28.6-50.0] 7.1 [0-14.3] < 0.001 
 Pain Score 0 [0-50] 0 [0-50] 0.598 
 
Disability Score 0 [0-50] 0 [0-0] < 0.001 
          
* obtained with Wilcoxon signed-rank test  
M – Median ; P25 – Percentile 25; ; P75 – Percentile 75. 
  
1
 For physical health, mental health, social health, general health, self-esteem, and perceived health, 100 indicates the 
best health status, and 0 indicates the worst health status. For anxiety, depression, anxiety-depression, pain, and 
















Paper A  
Supporting Information 
 
Table S2 - Duke Health Profile at 3 months and presence of Persistent Postoperative Pain 
at 3 months  
 
 






(N=164) p * 
    M [P25-P75] M [P25-P75]   
     
 
Physical Health Score 80 [60-90] 90 [80-90] < 0.001 
 
Mental Health Score 90 [70-100] 90 [90-100] 0.001 
 
Social Health Score 100 [90-100] 100 [100-100] 0.017 
 
General Health Score 90 [77-93] 97 [90-97] < 0.001 
 
Perceived Health Score 50 [50-100] 50 [50-100] 0.213 
 
Self-Esteem Score 100 [90-100] 100 [90-100] 0.211 
 
Anxiety Score 8 [8-25] 8 [0-8] < 0.001 
 
Depression Score 10 [0-20] 0 [0-0] 0.033 
 
Anxiety-Depression Score 7 [0-21] 7 [0-7] < 0.001 
 Pain Score 50 [50-50] 0 [0-0] < 0.001 
 
Disability Score 0 [0-0] 0 [0-0] 0.08 
     * obtained with Mann–Whitney U test 
M – Median; P25 – Percentile 25; ; P75 – Percentile 75; PPP- Persistent Postoperative Pain 
1 
For physical health, mental health, social health, general health, self-esteem, and perceived health, 100 indicates the 
best health status, and 0 indicates the worst health status. For anxiety, depression, anxiety-depression, pain, and 
















Paper A  
Supporting Information 
 








Permanently 33 (27) 
 Between 8 and 12 hours 36 (29) 
 
Between 4 and 7 hours 41 (33) 
 
Between 1 and 3 hours 13 (10) 
 
Less than 1 hour 1 (1) 
   
“We wish to know if you have brief attacks of pain. During the past 24 hours, how 




More than 20 4 (3) 
 
Between 11 and 20 5 (4) 
 
Between 6 and 10 25 (20) 
 
Between 1 and 5 66 (54) 
  Absent 24 (19) 
















Paper A  
Supporting Information 
 
Table S4 – Persistent postoperative pain at three months after cardiac surgery and pain 
descriptors using Short-form McGill Pain Questionnaire (N total = 124) 
 
 
  None (%) Mild (%) Moderate (%) Severe (%) 
1. Throbbing 76.6 15.3 8.1 0.0 
2. Shooting 100.0 0.0 0.0 0.0 
3. Stabbing 70.1 10.5 19.4 0.0 
4. Sharp 15.3 41.1 39.6 4.0 
5. Cramping 96.0 0.0 0.0 4.0 
6. Gnawing 23.4 41.1 35.5 0.0 
7. Hot-Burning 58.9 18.5 15.3 7.3 
8. Aching 24.2 48.4 23.4 4.0 
9. Heavy 92.0 4.0 0.0 4.0 
10. Tender 24.2 41.1 20.2 14.5 
11. Splitting 92.7 3.2 4.0 0.0 
12. Tiring-Exhausting 84.7 11.3 4.0 0.0 
13. Sickening 100.0 0.0 0.0 0.0 
14. Fearful 80.6 11.3 8.1 0.0 


















Paper A  
Supporting Information 
 
Table S5 – Persistent postoperative pain at three months after cardiac surgery and DN4 
descriptors (N total = 124) 
 
 
Result of the sum of DN4 N (%) Cumulative % 
    
 
0 19 (15.3) 15.3 
 
1 15 (12.1) 27.4 
 
2 28 (22.6) 50.0 
 
3 32 (25.8) 75.8 
 
4 20 (16.1) 91.9 
  5 10 (8.1) 100.0 
 6 0 (0.0) 100.0 
 7 0 (0.0) 100.0 
     
Presence of DN4 descriptors (%) Yes   No    
     
 Burning 17.7 82.3 
 
 Painful cold 15.3 84.7 
 
 Electric shocks 19.4 80.6 
 
 Tingling 46.8 53.2 
 
 Pins and needles 77.4 22.6 
 
 Numbness 31.5 68.5 
 
 Itching 31.5 68.5   
































































































































Paper B  
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Appendix A. Supplemental Digital Content 
 
Supplementary Material 1 – Search strategy 
 
 
Search strategy in MEDLINE with PubMed: 
 
1. Incidence (MeSH) 
2. Pain measurement (MeSH) 
3. Cardiac Surgical Procedures (MeSH) 
4. Postoperative Pain (MeSH) 
5. Chronic Pain (MeSH) 
6. Humans (MeSH) 
7. "1998/01/01"[PDAT] : "2016/11/31" [PDAT] 
8. 1 OR 2 
9. 4 OR 5 

















Appendix A. Supplemental Digital Content 
Supplementary Material 2 – Study’s quality assessment
 





Appendix A. Supplemental Digital Content 
 
Supplementary Material 3 – Additional analysis 
 
Incidence of PPP at 3 to less than 6 months after Cardiac Surgery: (a) forest plot, (b) leave-one-
out meta-analysis, (c) quality assessment score subgroup forest plot, (d) type of study subgroup 






















Incidence of PPP at 6 to less than 12 months after Cardiac Surgery: (a) forest plot, (b) leave-
one-out meta-analysis, (c) quality assessment score subgroup forest plot, (d) type of study 

















Incidence of PPP at 12 to less than 24 months after Cardiac Surgery: (a) forest plot, (b) leave-
one-out meta-analysis, (c) quality assessment score subgroup forest plot, (d) type of study 
subgroup forest plot  
a)
 
















































Appendix A. Supplemental Digital Content 
Supplementary Material 4 - Data for the estimation of the intensity of PPP at 3 to 
less than 6, 6 to less than 12,  12 to less than 24 and at least 24 months after CS 
 





Appendix A. Supplemental Digital Content 
Supplementary Material 5 - PPPCS's location 
 








As an inaugural comment, I must say that the general aims of this thesis were 
accomplished with success, namely the study of CPPCS’ epidemiology and clinical 
properties.  
In order to reach these general aims, as proposed, we have concluded two studies. 
Firstly, we have conceived, designed, and completed an observational prospective 
study in 310 patients undergoing CS (Paper A). We have calculated the CPPCS’ 
incidence in one of the reference centres of CS in Portugal, and identified its predictive 
factors. Furthermore, we have characterized CPPCS in terms of pain intensity, pain 
interference and HRQL, pain temporal evaluation, pain descriptors and presence of 
NP. To achieve these goals, we have used adequately validated instruments.  
Secondly, we have designed and materialized a systematic review of the literature 
about CPPCS’ incidence, intensity, location, and the presence of NP (Paper B). The 
review comprised three phases: a methodological assessment of 6 different databases 
to identify potential papers and screening according to inclusion criteria by two 
independent reviewers; data extraction; and study’s quality assessment. Twenty three 
studies were included in our systematic review, and we have performed a set of meta-
analyses to provide estimates regarding incidence and intensity of CPPCS.  
After performing an adequate and significant amount of original clinical research, we 
have composed, reviewed and published two papers in high impact factor journals, in 









4.1. Main Findings 
 




 The CPPCS’ incidence in one of the reference centres of CS in Portugal was 
43% (95% CI: 37–49%) at 3 months and 40% (95% CI: 34–46%) at 6 months 
(Paper A). 
 The pooled estimated incidence of CPP obtained in our meta-analysis was 37%  
(95%CI: 32–42%) in the first 6 months after CS and 17% (95%CI: 8–25%)  
more than two years after CS (Paper B); 
 More recent studies report a higher incidence of CPP during the first 6 months 
after CS, compared to older studies (Paper B);  
 The proportion of patients with CPPCS under any treatment is lacking in the 
literature (Paper B), but seems to be very low, as shown in our observational 
study, where only 16% of the patients with CPP were being treated (Paper A); 
 
Predictive Factors 
 Applying a multivariate logistic regression analysis (Paper A), we have identified 
several independent predictors of CPPCS: younger age, female gender, higher 
BMI, history of osteoarthritis, history of previous surgery (excluding sternotomy), 
catastrophizing, CABG and more intense acute postoperative pain;  
 We have identified two strong independent predictors of CPPCS (Paper A): age 
lower than 69 years (Odd Ratio: 10.45) and moderate to severe classification in 
worst pain item of Brief Pain Inventory - Short Form (BPI-SF), at the third 
postoperative day (Odd Ratio: 15.07). 












 In our observational study (Paper A), 57.3% of patients with CPPCS rated their 
average pain (using BPI-SF) as mild and 42.7% as moderate. Regarding BPI-
SF worst pain item, 17.7% rated it as mild, 54.9% as moderate and 27.4% as 
severe.  
 Large heterogeneity was found concerning recording and reporting CPP 
intensity’s assessment (Paper B). 
 The results obtained in our meta-analysis (Paper B), revealed that a large 
proportion of patients with CPPCS present moderate to severe pain (regarding 
their average pain: 40 to 50%; regarding their worst pain: 49 to 53%; variation 
according the time frame) and these percentages did not reduce over time; 
 
 Pain Interference and Health-Related Quality of Life  
 CPPCS caused substantial interference in patients’ daily life, and the most 
affected activities were: “sleep”, “general activity” and “normal work” (Paper A); 
 Patients with CPPCS presented lower HRQL, namely, worse results in several 









 In most patients with CPPCS, pain was not permanently present and it had 
paroxysms (Paper A); 
 
 CPPCS’ location 
 Chest is the main location of CPPCS, followed by the leg (Paper A and B); 
 
 Presence of Neuropathic Pain 
 NP was detected in 50% of the patients with CPPCS, using a validated 
questionnaire (Paper A); 
 Patients with CPPCS who reported moderate to severe pain presented NP 
more often (Paper A); 
 CPPCS located in the leg was more often identified as NP than CPPCS located 
in the chest (Paper A); 
 NP seems to be present in the majority of patients with CPPCS, however, only 
a minority of the included studies addressed this issue and there was a lack of 
uniformity in the methods used to measure NP (Paper B); 
 
 












4.2. CPPCS’ Epidemiology 
 
Epidemiology is the study of the occurrence and distribution of health-related events, 
states, and processes in specified populations, including the study of the determinants 
influencing such processes, and the application of this knowledge to control relevant 
health problems [97]. Good epidemiological research on chronic pain provides 
important information on occurrence and factors associated with its onset and 





Incidence is a term describing the frequency of a disease or other event or attribute in a 
population [97]. Therefore, it is essential to know the incidence of CPPCS. As 
previously introduced, the precise magnitude of the incidence of CPPCS was still under 
debate, and this limited the perception of the true dimension of this problem. One of our 
aims was to identify the incidence of CPPCS. This thesis addressed this issue in two 
steps, first with an observational prospective single centre study and lately with a 
systematic review. Our observational prospective single centre study [54] revealed an 
incidence of 43% (95% CI: 37–49%) 3 months after CS and of 40% (95% CI: 34–46%) 
6 months after CS, which were in accordance with the existing literature [23; 26; 79; 
131; 133]. Interestingly, none of the patients who deny pain 3 months after CS reported 
CPP 6 months after CS, and consequently all patients who reported CPP 6 months 
after CS had CPP 3 months after CS, which supports the current evidence that the 3-
month time frame, used by IASP for CPP definition [74], is adequate. The systematic 
review with meta-analysis performed [55], estimated a CPPCS’ incidence of 37% (95% 




CI: 32–42%) in the first 6 months after CS and 17% (95% CI: 8–25%) 2 years after CS. 
Consequently, the incidence of CPPCS is one of the highest compared to other types 
of surgeries [58; 73; 75]. Despite this, CPPCS is often ignored, when compared with 
CPP after other types of surgeries. As an example, recently, an important systematic 
review has focused on therapeutic interventions to reduce CPP on surgical procedures 
associated with high incidence of CPP [60]. These surgical procedures were: 
amputation, mastectomy and thoracotomy.  Alternatively, other authors aimed to 
analyse functional genetic polymorphisms and clinical factors that might identify CPP 
risk after inguinal hernia repair, hysterectomy, and thoracotomy [98].  
Although there are some narrative reviews about CPPCS [27; 50; 91], our systematic 
review constitutes the first systematic review and meta-analysis regarding the 
incidence of CPPCS. Therefore, these data are expected to provide an important 
contribution to recognize CPP as a frequent outcome after CS. 
The incidence of CPPCS decreases along time after surgery, in contrast to what was 
described in a previous systematic review regarding thoracotomies [12]. Fletcher et al. 
[45] found a similar decline regarding the incidence of moderate CPP between 6 and 
12 months after several types of surgeries. The estimated incidence of CPP is higher in 
the first months after CS (3 to less than 6 months after CS) compared to other time 
frames; and more than two years after CS its value is less than half of the initial. The 
pathophysiology of this decline is not clear, though as the time with CPP evolves it may 
be assumed that these patients are identified and given appropriate treatment with 
better follow-up performed. In our observational study [54], the proportion of patients 
with pain remained almost the same between 3 and 6 months, which could be justified 
by the enormous lack of CPP treatment, as 84% of these patients were not under any 
treatment or referral. However, data regarding the proportion of patients with CPPCS 
under any treatment or referral are lacking, as only our observational study [54] 
addressed it. As recently stated [6], it would be interesting to know why some patients 
with pain abstain from using analgesics; whether this is due to poor effect in this pain 





condition or for other reasons. Alternative hypotheses for the decline of CPPCS 
incidence through time are that this may be attributable to psychological factors or CPP 
pathophysiology. Psychological factors are important in pain perception [38; 123], and 
resilience and positive affect have shown to reduce chronic pain [144]. Improved HRQL 
is a major objective for CS [20; 41] and it’s well proven [51; 119]. Likewise, we have 
witnessed this improvement throughout our observational study as we compared 
patients’ HRQL before CS with patients’ HRQL 3 months after CS. As a result, 
improvement in HRQL and satisfaction with life may contribute to their psychological 
profile. Consequently, a possible hypothesis is that HRQL improvements over time 
might lead to continuous pain decline in these patients. However, this hypothesis lacks 
formal confirmation. The role of contextual and cognitive content variables in chronic 
pain is not only important but also complex [48]. The cause of CPPCS is multifactorial 
and tissue destruction, nerve trauma, scar formation, bone fractures, stainless-steel 
wire sutures, and/or costochondral separation may all play relevant roles [25].  Noxious 
input from acute injury may trigger a state of CNS sensitization. In essence, dorsal horn 
neurotransmitter release via nociceptive input conditions the CNS such that there is 
enhanced responsiveness (secondary hyperalgesia). Although experimental evidence 
exists indicating that enhanced responsiveness outlasts the initial provocative insult, 
the exact clinical relevance and extent remain to be determined [25]. 
According to our search, the first studies regarding the incidence of CPPCS appeared 
in 2001 [43; 71; 96]. Despite medical progress and improved awareness of CPP, it is 
surprising that the incidence of CPPCS has a positive trend over time, regarding the 
first 6 months after CS. However, it is important to notice that older studies considering 
this time frame presented lower quality assessment scores, which could underestimate 
the incidence of CPPCS. On the other hand, a negative trend was found regarding 
studies evaluating CPP at least 2 years after CS. A possible explanation for this is the 




improved accessibility of patients with long-term pain states to health care and better 
analgesic regimens to treat CPP achieved in the latter years.  
 
 
4.2.2. Predictive factors 
 
One of the essential aims of epidemiology is the prevention of diseases. Primary 
prevention is intended to prevent a disease or symptom from occurring. Secondary 
prevention is aimed at early detection so that treatment begins before it becomes 
chronic. Tertiary prevention seeks not to prevent disease or symptoms, but to minimise 
disability and handicap arising from it [59]. A potential strategy for primary prevention of 
CPP is to identify factors that may predict an increased likelihood of its establishment. 
With this approach, we may be able to target specific interventions to the most 
vulnerable patients or use the information when considering the need for surgery, its 
extent, or both [101]. Predictive factors for CPP can be patient specific or surgery 
specific. Furthermore, these factors can be subdivided into preoperative, intraoperative, 
and postoperative factors. In our observational study [54], we have performed a 
multivariate logistic regression analysis in order to identify independent predictors of 
CPPCS. We have identified 6 preoperative independent predictors: younger age, 
female gender, higher BMI, history of osteoarthritis, history of previous surgery 
(excluding sternotomy) and catastrophizing. CABG was found to be an intraoperative 
independent predictor and more intense acute postoperative pain a postoperative 
independent predictor. Previously, Gjeilo et al. [50] identified younger age, female 
gender and higher BMI as predictors of CPPCS. In our study, age lower than 69 years 
was a strong independent predictor of CPPCS (Odd Ratio: 10.45). Previous findings 
have shown that younger age was associated with higher acute postoperative pain, 
independently of the type and extent of surgery [47], and with CPPCS [26; 50]. 
According to Gerbershagen et al. [47], “many factors could influence the pain 





differences with age, such as bio-psychosocial and life-stage factors, as well as 
changes in the complex cascade of immune, inflammatory, and neural responses [46; 
65]”. Women are more likely to develop chronic pain conditions, and several 
epidemiological studies reported a higher prevalence of chronic painful diseases in 
women [88]. CS in patients with higher BMI is technically more difficult, with prolonged 
retraction and more probable nerve damage, and thus a higher incidence of CPP [23]. 
We were unable to estimate the incidence of CPPCS according to the subtype of 
surgery performed because the majority of the studies included in our systematic 
review presented combined data. Furthermore, we have not found association between 
subtype of surgery and CPPCS in the majority of the literature [23; 26; 49; 87; 96; 120; 
130; 131], except in our observational study [54] and in another one where CABG with 
internal thoracic artery (ITA) grafts were associated with higher rates of CPP [29]. A 
possible explanation for higher incidence of CPP in patients who underwent CABG 
could be the higher probability of damage of the intercostal nerves during ITA 
harvesting [91]. Some authors have confirmed that skeletonized ITA harvesting 
reduces intercostal nerve injury, and consequently reduces CPP [11; 89]. 
There are conflicting reports regarding the role of angina pectoris in CPPCS [23; 117]. 
Regarding this factor, we haven’t found an association with CPPCS, however patients 
with preoperative angina pectoris who developed CPPCS were more prone to develop 
NP, which is a new finding and suggests that it could be involved in the 
pathophysiology of NP in patients who underwent CS. 
Although current evidence suggests that psychological factors are important in pain 
perception [38; 64; 123], we found no association with anxiety or depression in the 
development of CPP. Duke Health Profile has been shown to be an effective brief 
screener for both anxiety and depression [103], notwithstanding, the distinction 
between state and trait anxiety could have been important because there are reports of 
association between state but not trait anxiety with postoperative pain [90; 113]. 




Catastrophizing is a known risk factor for CPP [122] and acute postoperative pain after 
CS [78]; however, its identification as an independent predictor of CPPCS occurred for 
the first time in our observational study. 
Osteoarthritis and history of previous surgery were also identified as independent 
predictors of CPPCS. A possible explanation for this result could rely on the concept of 
deficient endogenous pain modulation (EPM). EPM is a wide-ranging term, delineating 
the array of processes taking place in the central nervous system to reduce or increase 
pain [143]. Enhanced temporal summation and less efficient conditioned pain 
modulation can both occur in patients with pain, such as in patients with osteoarthritis 
[9]. Use of pain-modulating drugs may rectify the deficient EPM [143]. 
Regarding acute postoperative pain, moderate to severe classification in worst pain 
item of BPI-SF, at the third postoperative day, was a strong independent predictor of 
CPPCS (Odd Ratio: 15.07). Higher pain ratings and analgesic requirements during the 
first postoperative days have been associated with increased risk of CPPCS [26; 91; 
131]. The relationship between acute pain and CPP could be associative or causal 
[50]. Although this uncertainty remains, interventions to decrease acute pain should be 
an imperative. Once again, EPM seems to be involved. Weissman-Fogel et al. [137], 
proposed the role of pain temporal summation assessed preoperatively as a significant 
psychophysical predictor for acute postoperative pain intensity. Our systematic review 
[55] revealed that the CPPCS’ estimated incidences were lower in the randomized 
controlled trials (RCTs) sub-group. These RCTs studies [15; 105; 127; 129] address 
strategies to reduce acute postoperative pain. Although they could not prove the 
efficacy of their interventions in reducing CPPCS, two of them reported reduced acute 
postoperative pain [105; 129]. Intervention studies that aim to reduce acute 
postoperative pain play a fundamental role in preventing CPP, as acute postoperative 
pain is a strong predictor of CPPCS [26; 54; 131] and CPP following other types of 
surgeries [73]. Even though efficacy is not proven for statistical or non-superiority 
reasons, tight and optimal treatment of acute postoperative pain is offered to patients 





enrolled in these interventional studies. In addition, placebo analgesic effects 





























4.3. Clinical properties 
 
4.3.1. Pain Intensity 
 
Pain severity can be graded based on pain intensity [125], and large heterogeneity was 
found concerning recording and reporting CPPCS intensity’s assessment [55]. Similar 
problems were reported in other systematic reviews with meta-analysis on CPP after 
other types of surgeries [12; 136]. Regarding intensity assessment, the 
recommendations of the IMMPACT group should be followed [40; 128] to achieve 
stronger evidence regarding CPPCS’ intensity. In addition, studies should present pain 
intensity in patients with CPP and not in all the patients studied, to overcome the risk of 
underestimation. 
In our systematic review with meta-analysis, we have estimated that a large proportion 
of patients with CPPCS present moderate to severe pain (regarding their average pain: 
40 to 50%; regarding their worst pain: 49 to 53%; variations according to the time frame 
considered) and this proportion did not reduce over time [55]. This pattern also was 
obtained in another systematic review regarding thoracotomy [12]. Although the 
incidence of CPP at least two years after CS declines, we estimate that half of these 
patients present moderate to severe pain, which is a higher proportion than the 
obtained in the other time frames. This could indicate the existence of a subtype of 
CPPCS more difficult to treat for several reasons that should be addressed in future 
studies.  
The issue of pain intensity was also addressed in our observational study [54]. 
Regarding average pain classification, the results obtained [54] are in accordance with 
the results estimated in our meta-analysis [55]. However, regarding worst pain 
classification, we have identified a higher percentage of patients with moderate to 
severe pain in our observational study (82.3%), which is alarming and should be 





addressed by health professionals and authorities of this centre involved in the 
treatment of these patients. 
There is an association between moderate to severe CPP and the presence of NP [39; 
45; 54; 69], which highlights the importance of nerve damage in these patients. This 
finding is discussed with detail later on, in the subsection “Presence of NP”. 
 
 
4.3.2. Pain Interference and Health-Related Quality of Life 
 
In addition to pain intensity, pain severity can be also graded based on pain-related 
distress, and functional impairment [125]. This issue was analysed in our observational 
study [54], namely, pain interference with daily activities and impact in HRQL. 
Patients with CPPCS reported a substantial overall interference in daily life, in keeping 
with other studies [43; 49; 120; 131]. Approximately half of the patients with CPPCS 
reported a moderate to severe overall interference. More specifically, the most affected 
activities were: “sleep”, “general activity” and “normal work”. More than three quarters 
of the patients had interference in their sleep, which has potential adverse effects [5]. 
Sleep plays a vital role in health and well-being throughout life; and sleep quality is 
associated with mental health, physical health, quality of life, and safety [5]. 
Additionally, more than half of patients with CPPCS reported pain interference in 
“normal work” item, which could lead to job loss, change in professional 
responsibilities, switching profession/job, early retirement, and long-term sick leave, as 
it happens in other chronic pain syndromes [10]. Therefore, beyond emotional and 
financial impact for the patient, CPPCS could have an economic impact for the society. 
Concurrently, a small proportion of patients (15%) denied any overall interference 
brought by their pain.  




HRQL is a multidimensional concept that relates specifically to a person’s health, to the 
measure of its functioning, well-being and general health perception in physical, 
psychological, and social domains [8]. As previously stated, patients who underwent 
CS improved their HRQL and we have witnessed it [51; 54; 119]. However, we have 
found a lower HRQL in patients with CPPCS, which is in accordance with previous 
studies [23; 49; 54; 120]. These patients presented worse results in several health 
measures, namely, physical health, mental health, social health, general health; they 
also presented worse results in several dysfunction measures, namely, anxiety, 
depression and pain. 
The substantial interference in daily life and lower HRQL highlight the detrimental 




4.3.3. Temporal evaluation 
 
Temporal evaluation of spontaneous ongoing pain and paroxysmal pain represent an 
important aspect of the evaluation of pain in patients and their treatment strategy [88]. 
This information can be used to adjust medication according to pain temporal 
characteristics. Nevertheless, the temporal characteristics of CPPCS were lacking in 
the current literature and were addressed for the first time in our observational study 
[54]. Regarding pain periodicity, our results are approximately equally tripartite between 
patients who reported pain permanently present, pain presence between 8 and 12 
hours and pain presence between 4 and 7 hours (per day). Regarding pain paroxysms, 
we have found that approximately half of the patients with CPPCS (54%) presented 1 
to 5 pain attacks during one day. A minority of patients with CPP (19%) denied pain 
attacks. 





4.3.4. CPPCS’ location 
 
We have detected large heterogeneity concerning the location assessment and 
reports. The most reported location was the chest, in the sternum more specifically, 
followed by the legs.  
The main locations identified were related to the extent of the surgical wound. 
Nevertheless, pain was also present in areas not linked with the surgical wound, which 
could be explained by the presence of referred pain, suboptimal positioning of patients 
during surgery, or central venous catheter placement [25].  
Vessel harvesting is responsible for some of the pain locations; however the presented 
data have a wide range of results, which limits the recognition of its exact contribution. 
Additionally, most of the studies did not present the relationship of patients who 




4.3.5. Presence of Neuropathic Pain 
 
Relatively to pain descriptors of McGill Pain Questionnaire – Short Form (MPQ-SF) in 
patients with CPPCS, our observational study [54] revealed that “Tender” was the 
descriptor mentioned more often as severe, followed by “Hot-Burning”, “Sharp” and 
“Aching”. Regarding Douleur Neuropathique en 4 questions (DN4), the most common 
descriptors identified by patients with CPPCS were “Pins and needles” (77.4%) and 
“Tingling” (46.8%). The less reported was “Painful cold” (15.3%). Both MPQ-SF pain 
and DN4 descriptors suggest that a high proportion of patients present CPP with a 
neuropathic component. 




CPP has been considered neuropathic, and a strong association is reported between 
CPP and sensory abnormalities, but the evidence suggests that mechanisms other 
than nerve injury such as inflammation, central sensitization, or a combination of these 
play a role [58]. In order to identify risk factors for CPP, it is essential to understand the 
underlying mechanisms and to elucidate whether CPP is due to surgical injury to the 
nerves, ongoing inflammatory processes, injury to the somatic or visceral structures, or 
other causes [58]. Consequently, we have addressed this issue in our observational 
study [54] and our systematic review [55]. 
After a systematic review of the literature [55], we have found only few studies [43; 54; 
71; 81; 127] that addressed heterogeneously this issue, including our observational 
study, where NP was detected in 50% of the patients with CPPCS, using a validated 
questionnaire. Despite the wide variation of proportion of patients with NP and its 
assessment, NP seems to be present in a considerable number of patients with 
CPPCS. Three of the included studies [43; 54; 81] reported that the majority of patients 
presented with NP. Nerve injury–induced NP has been proposed as a major cause of 
CPP and a recent review suggests that the occurrence of NP among CPP cases differs 
in various types of surgery, probably depending on the likelihood of surgical iatrogenic 
nerve injury [58]. Two studies [43; 81] applied Quantitative Sensory Test (QST) in their 
assessments. QST in pain research involves a large variety of stimulus modalities 
(thermal, mechanical, chemical, electrical), assessment methods (psychophysics, 
electrophysiology, imaging, microdialysis), and target structures (skin, musculoskeletal, 
and viscera). QST can provide an understanding of the mechanisms involved in pain 
transduction, transmission, modulation, and perception under normal and 
pathophysiological conditions; consequently, it may contribute to mechanism-based 
diagnosis, prevention, and management of pain in future [67]. Eisenberg et al. [43], 
reported that only less than 20% of patients with CPPCS have normal sensation in the 
painful site, which clearly indicates an underlying neuropathic mechanism in most of 
those patients. Additionally, Lauridsen et al. [81] reported that QST revealed sensory 





abnormalities in 10 out of 13 children with CPPCS. Translating QST-based mechanistic 
knowledge into the benefit of patients, as better diagnosis and treatment, is the future 
research agenda for this field.  
We have found that patients with moderate to severe CPPCS presented significantly 
more often NP [54]. This is in line with previous studies that enrolled patients suffering 
from CPP [39; 45; 69], and points to nerve damage as a possible important risk factor 
for CPP in a significant proportion of cases, particularly those with moderate to severe 
pain. Duale et al. [39], concluded that in a similar way to other types of chronic pain, 
the neuropathic aspect of CPP may be a factor of severity and chronification. 
Moreover, Fletcher et al. [45] found an association between CPP with neuropathic 
characteristics and more pronounced functional impairment.  
Persistent harvest-site pain occurs with astonishing frequency after CABG [37]. CPP 
was present in the legs in a high proportion of patients who underwent saphenous vein 
harvesting [54], as previously suggested [23; 71; 79; 120]. CPPCS located in the leg 
was more often identified as NP than CPPCS located in the chest [54], which confirms 
previous findings [23]. A possible explanation is that saphenous nerve injury can occur 
as a result of surgical handling or post-operatively from compression caused by 
subcutaneous suturing. Relevant literature addressed alternative techniques to avoid 
this injury [3; 17; 115].   
Preoperative angina pectoris wasn’t associated with higher incidence of CPPCS, but 
patients with preoperative angina pectoris who developed CPPCS were more prone to 
develop NP [54], which is a new finding and suggests that it could be involved in the 








4.4. Strengths and limitations  
 
The major strength of this PhD thesis is the extensive analysis of the current literature 
about CPPCS. We have performed a careful epidemiological evaluation of CPPCS by 
providing important information on incidence and factors associated with its onset.  
Regarding incidence, we have presented pooled estimates about CPPCS’ incidence for 
the first time. Moreover, we have studied the course of CPPCS as it evolves and its 
tendency according to publication year, which could inform all those involved in the 
study of this topic, clinicians who treat pain patients and health authorities.  
As recently commented upon [53], if the presence of CPP is established at 3 months, it 
is crucial that a formal diagnosis is made, appropriate treatment is given and that 
follow-up is performed. However, data regarding the proportion of patients with CPPCS 
under treatment is lacking, and our observational study [54] provides important 
information about it. Therefore, this thesis highlights the need to perform follow-up and 
to provide adequate treatment in patients with CPPCS.  
Concerning factors associated with its onset, we have identified a set of independent 
predictors of CPPCS, based on a multivariate logistic regression analysis. In addition, 
we have identified two strong predictors of CPPCS with odd ratios higher than 10. As 
stated in the preceding sections, the identification of predictive factors could allow 
target specific interventions to the most vulnerable patients. Moreover, acute 
postoperative pain is a modifiable predictive factor, and our results emphasize the 
importance of attempting to reduce it. 
Additionally, we present a comprehensive analysis of CPPCS’ clinical properties, 
namely pain severity, pain temporal evaluation, pain location and NP presence. 
This thesis provides an assessment of CPPCS’ severity, based on pain intensity and 
impact in patient’s life, namely interference in daily activities and HRQL. Besides large 
heterogeneity concerning recording and reporting CPP intensity’s assessment, we 
have provided pooled estimates through different time frames. This has never been 





done, and allows us to observe that two years after CS, the proportion of patients with 
CPP who present moderate to severe pain is not lower than the obtained in the other 
time frames. Although the impact of CPPCS in patient’s life was previously studied [23; 
43; 49; 120; 131], our observational study reinforces its substantial interference in daily 
life and its HRQL reduction [54], which highlight the detrimental outcomes of CPPCS. 
Considering pain temporal evaluation as an important aspect of the evaluation of pain 
patients and their treatment strategy, this thesis presents its analysis for the first time. 
Finally, this thesis describes the NP presence in CPPCS, which is essential to 
understand underlying mechanisms and to adjust its prevention and treatment. Only 
few studies [43; 54; 71; 81; 127], including our observational study, have addressed 
this issue, and they suggest that NP is present in the majority of the patients with 
CPPCS. 
This thesis has some limitations. Firstly, the identification of predictive factors of 
CPPCS was performed based on a sample that comes from a single hospital, which 
could bring some bias, with respect to surgical techniques and acute pain treatment, 
and might be a threat to generalizability. Although there was a literature framework, this 
issue should be confirmed with stronger evidence. Secondly, the knowledge of the 
contribution of NP in CPPCCS was based in few studies [43; 54; 71; 81; 127] and the 
methodology to assess NP varied across studies. The classic presentation of NP is 
characterized both in descriptive terms and sensory signs; however, the specificity and 
the sensitivity of these are suboptimal [58]. Ideally, each patient reporting CPP should 
have had a validated diagnosis, according to standardized procedures including QST 
[68]. In an attempt to strengthen the criteria for what is and what is not NP, a probability 
grading system for categorizing NP, was included in the latest European Federation of 
Neurological Societies guidelines on NP assessment [34], and should be followed in 
future studies focusing this issue. 






































This thesis provides the most complete assessment and discussion of the current best 
evidence regarding the epidemiology and clinical properties in the context of CPPCS.  
Our research indicates that CPP is a frequent and deleterious outcome after CS, 
apparently poorly recognized and treated. Given the foregoing and associating the fact 
that CS is one of the most frequently performed interventions worldwide [107], CPPCS 
should be considered a relevant health problem which deserves special attention from 
health care professionals and health authorities.  
The research work that constitutes this PhD thesis is expected to provide an important 
scientific impetus that will foster and support improvements in prevention, diagnosis, 
follow-up and treatment of CPPCS. In the future, the construction of an easily 
applicable risk index could allow the identification of patients at high-risk of developing 
CPPCS. This should allow for targeted interventions which consequently may decrease 
CPPCS’ incidence and impact. 
To conclude, while some might perceive a PhD thesis as representing the end of a 
chapter in an individual’s scientific career, for me it is the commencement of the path to 
increased research independence. The ultimate aim is to produce clinical research that 
may lead to change the outcomes and lives of all those who may suffer from CPPCS, 
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